Since the summing up of the data contained in a former communication on this subject ~ investigations have been continued upon material from the same herd. From August, 1918 , to June, 1919 , twelve additional cases of abortion in which spirilla were isolated from fetuses in pure cultures have been studied, making twenty-six in all. In one case a slightly divergent strain was present, whose significance cannot be defined. It appears, as a rule, in long filaments, although short forms are not lacking. Thus far, motility has not been detected. The case from which this form was isolated is included in Table I as No, 308 . In another paper s data on the agglutination affinities of the various strains are given and it is there shown that this aberrant strain is serologically related to the regular type. The reader is also referred to an earlier paper ~ on culture methods employed. Emphasis needs to be put on the importance of cultures from the digestive tract and the lungs. If the fetus after expulsion breathes and swallows, both tracts are likely to be contaminated with miscellaneous bacteria and spirilla will be suppressed in the cultures. Even when the fetus is dead when expelled, if the mouth and nose should lie in water or other fluids these tracts may become contaminated. Cultures from spleen, liver, and kidneys of the fetus by themselves * This and the three accompanying papers are interrelated inasmuch as the fundamental data are the same. Duplication of statements has been avoided as far as possible and the papers should therefore be considered together in estimating the accuracy of the conclusions formulated.
1 Smith, T., J. Exp. Meal., 1918, xxviii, 701. 2 Smith, T., and Taylor, M. S., Y. Exp. Med., 1919~ xxx, 299. ,s. cannot be depended on to bring out the presence of spirilla in the fetus. The notes on the pathological changes in the fetuses are omitted, since they do not differ from those of the earlier cases reported? No single abnormal condition or group of conditions in the fetus could be used to prognosticate the nature of the infecting organism.
In most cases the placenta was retained. In one (No. 289) it was reported to have been discharged but it was not preserved. A portion of the placenta of No. 318 was passed attached to the fetus. It represents about one-third of the entire mass. About one-half is markedly diseased. The cotyledons are of a dirty whitish .color and covered with a thin deposit which is readily washed off by repeated baths of normal salt solution. The villi after washing stand up like normal villi but lack entirely the blood-red color. Towards the more normal cotyledons some are found which contain abnormal, whitish villi and tufts or clumps of the same among the normal blood-red ones.
The intercotyledonous chorion, where cotyledons are diseased, is usually thickened and roughened. The surface is mapped out into small 1 to 2 ram. slightly raised plaques. These feel like thickened epidermis. When scraped only very little comes away. The underlying tissue is more or less edematous in localized areas, usually around and under a diseased cotyledon. Films of the cheesy covering of cotyledons stained 10 minutes and 24 hours show numerous spiral forms with from ½ to 4 or 5 complete turns. They are all of the same fineness as regards diameter, but the amplitude of curves and the form vary somewhat. This may be due to the drying.
Sections of fixed and hardened tissue show besides a general, qu~te marked edema of the chorion, localized masses of nuclear debris under the epithelium, now lost. This nuclear debris results from dense collections of leucocytes, probably polynuclear, which evidently form the hard plaques of the intercotyledonous areas of the dhorlon, mentioned above. There is, furthermore, a general diffuse i,6ltration of cells into the chorion. The cotyledons contain necrotlc villi without cell "infiltrations.
It was stated in the preceding article I that Bacillus abortus could not be detected in the fourteen cases from which Vibrio fetus was iso-lated. The same is true of those tabulated here, with the exception of one case, No. 351. In cultures from this there were found for the first time both spirilla (vibrios) and Bacillus abortus. The former were present in cultures from contents of the fourth stomach, colon, rectum, spleen, and kidneys. Bacillus abortus appeared several days later in the fourth stomach, spleen, kidney, and rectum cultures. The tubes with contents of the colon contained only spiral organisms.
The absence of Bacillus abortus from such a large percentage of cases is of importance. The dropping of immature calves and fetuses of various ages can no longer be referred to Bacillus abortus without a bacteriological study of the fetus and placenta if obtainable, or else of uterine discharges obtained with swabs and examined microscopically and by inoculation Of guinea pigs. Outbreaks of abortion due solely to Bacillus abortus very probably occur when a herd is first attacked and therefore highly susceptible. After a time the acquired immunity modifies the conditions materially and Bacillus abortus becomes a relatively unimportant factor in all but first pregnancies.
Vibrio fetus may be either a true agent causing disease of the fetal membranes, or it may be simply an invader from the more external genital tract, or from the blood after the fetus has been injured or killed by other non-bacterial agencies. The simplest method to prove the truth of one or the other hypothesis is to inoculate pregnant cows. This procedure is not so easily carried out, however. In addition to the difficulties encountered in obtaining non-immune and non-infected pregnant cows is the probable attenuation of the vibrio under cultivation. This, as is described elsewhere, is subject to changes under cultivation, such as a tendency to form mucoid masses, and an adaptation to culture media without blood or bits of tissue. The quantity of growth tends to increase with successive transfers. Changes in growth characters as extensive as these most probably involve other changes, among which virulence stands first. Unfortunately, laboratory animals have so far proved refractory and cannot serve as tests of virulence. If very early transfers are inoculated into cows, the danger of introducing some hypgthetical ultramicroscopic virus is much greater than in later transfers. Filtration
~LA:rlON O]? VIBRIO YETUS TO BOVINE ABORTION
does not remove this possibility, since the minute spiral organisms, especially the short forms, might pass through the pores of the filter.
With these difficulties in view the writer has been able to test Vibrio fe~s upon four pregnant cows. The records of these cases are as follows:
Caw 295. --Received Nov. 21, 1918 . Black Holstein of unknown age, supposed to be pregnant, according to physical examination. Reacts to tuberculin.
Dec. 10. Cow received into the left jugular vein the following suspension. Four agar slants, sealed, of vibrio (Cow 267, 17th transfer, inoculated Dec. 6) were used. The condensation water was first removed with pipette, then the agar moved about after adding some fresh bouillon to dislodge organisms growing between agar and glass. In all, about 10 cc. of a faintly clouded fluid were obtained. A hanging drop of this fluid shows rather long spirilla with feeble motility. Before the date of the injection the maximum range of temperature during the day was from 38.4°C. at 8 a.m. to 39.4°C. at 5.15 p.m. On the day of injection, which was made at noon, the late afternoon temperature was 40.6°C. On the following day it had fallen to normal.
On the assumption that the culture injected might have lost some of its virulence a second injection of a more recently isolated strain was made Jan. 8, 1919. Growth from sealed agar slants (Fetus 289, 7th transfer, 6 days old) was suspended in plain bouillon. About 9 cc. of a feebly clouded fluid were injected into a jugular vein. There was hurried respiration following the iniection and some coughing. The maximum afternoon temperature was 39.8°C. Between the date of injection and the birth of a calf on Feb. 6, the morning temperature was either slightly higher than the evening temperature or else the same. The maximum morning elevation was 39.5°C., the usual temperature 39-39.3°C.
Feb. 5. After normal labor cow gave birth to a living calf. The placenta was still retained after 24 hours and the major portion of it was removed manually. 3 A thick, turbid, reddish discharge with small coherent mucoid masses in it was caught in a sterile bottle by the attendant several hours after birth of calf. Fresh and stained films showed presence of cells resembling polynuclear leucocytes but with chromatin chiefly on margin and central portion nearly unstained and in most cases containing a small number of organisms, some of which were distinctly spiral, others of same diameter, but spiralform not demonstrable in them. The groups of leucocytes were in part held together by amorphous masses staining blue. Many isolated spirillar forms of one or two wave lengths present. Other bacteria scarce.
Of the placenta removed Feb. 7, the intercotyledonous areas of chofion have the minute network of vessels conspicuously injected. Small masses of a yellowish exudate, of pin-head size, sprinkled over the surface. These masses conThe placenta was removed by Dr. Ernest W. Smillie and Dr. Ralph B. Little. sist of amorphous material staining bine, remnants of ceils and miscellaneous bacteria. The subchorionic tissue is not edematous. Besides these abnormal conditions, the chorion presented several areas which were thickened, opaque, whitish and slightly nodular, firm and leathery. The cotyledons vary much in appearance. None has the blood-red color of the normal mature placenta. In all there are yellowish areas, occupying more or less of the cotyledon and supplanting the normal color. This yellowish color is due largely to deposits or exudates like those described above. When a cotyledon is rinsed repeatedly in normal salt solution, the wash water becomes heavily clouded and filled with flocculi. After three or four changes these are removed and there remain in the cotyledon a variable number of yellowish villi among the dark or light red ones, which are the result of necrosis. These may form an outer zone only or occupy most of the cotyledon. In none o[ the many films examined were bacteria resembhng B. abortus found. Up to the time this cow was removed for slaughter, Feb. 12, a slender mass of placental tissue about 2 feet long remained hanging from the vulva. Unfortunately, through some mistake at the abattoir, the uterus was not reserved.
In sections from the placenta there is a complete loss of chorionic epithelium. There is extensive cell infiltration with subsequent necrosis and nuclear disintegration in loci along the subepithellal layer of the chorion and in the villi. These and their branches are densely filled with nuclear debris. Occasionally a vessel is recognizable, also densely filled. The appearances indicate an active polymorphonuclear infiltration followed by necrosis. Microorganisms not definitely seen.
The calf of No. 295 appeared somewhat under weight at birth. On the 4th day it weighed 75 pounds. At birth the feet were somewhat soft and hoofs not fully developed. In all other respects the calf was normal and remained free from scours during the 6 days it was under observation.
To determine whether this caw might harbor B. abortus as a cause of the disease of the placenta, two guinea pigs were inoculated with uterine exudate obtained several hours after birth of calf. Both guinea pigs were normal when killed 48 days after inoculation and cultures were negative Before the first inoculation on Nov. 28, samples of blood were withdrawn from jugular vein and the serum was tested for specific agglutinins towards B. abortus. Only in dilution of 1 : 10 was clumping observed. On Jan. 27, a second sample was withdrawn. This also was negative. Tested against Vibrio fetus, a very good agglutination was obtained with two .older strains but not with recent strains, a condition quite regularly observed (Table II) .
On Dec. 2, 1918, about 100 cc. of milk were obtained from the udder. To this were added 50 cc. of salt solution and the mixture was centrifuged at high speed for 20 minutes. Three guinea pigs were inoculated by injecting 7 cc. of the deposit and lowest strata of fluid into the peritoneal cavity of each. After 57 days the animals were killed with chloroform. There were no lesions suggestive of the presence of B. abortus and the cultures from the spleens remained free from growth.
The evidence is thus quite conclusive that Bacillus abortus was not responsible for the lesions. The microscopic examination of the early postpartum discharges showed many spirilla both free and within leucocytes. The placenta was frankly diseased and the character of the lesion, infiltration and exudation of leucocytes, corresponded with the lesions found in earlier cases, associated with spirilla. The following case is not so convincing as to the r61e of spirilla in producing disease of the chorion but the evidence is against an infection with Bacillus abortus. Beginning Nov. 25, 1918, the temperature was taken twice daily. The highest morning temperature up to Dec. 10, the day when the animal was inoculated, was 39.2°C., the highest evening temperature 39.6°C. On Dec. 10, the growth in four sealed agar slants of spiriUa from Cow 289, 4th transfer, 4 days old, was suspended in bouillon. About 10 cc. of a faintly clouded suspension were injected into the left jugular vein at noon. On this day the late afternoon temperature was 41.2°C. Next day the temperature was normal. Attendant reported violent jerky movements in abdomen of cow.
A normal calf was born early Dec. 19, 9 days after inoculation. At 9 a.m. the placenta was not completely discharged. It extended from vulva to floor, (the animal standing) where most of it lay in the bedding. A portion, including half a dozen cotyledons, which had not touched the floor was removed for examination. The intercotyledonous areas of chorion have all vessels conspicuously injected. The larger ones are cyanotic in appearance. Resting on these areas are soft, orange-colored masses of pin-head size which crush like soft cheese between cover-slips. They consist of cell debris, fat globules, and probably leucocytes. When stained, these masses are seen to consist of polynuclear leucocytes, some epithelium, and cell debris, bound together with a cement-like substance, staining blue in alkaline methylene blue. A few spirilla-like forms detected in films of these masses after considerable search. The cotyledons in general are free from necrotic villi and the latter appear normal when covered with water. Over a number of cotyledons, however, there is the same flaky exudation, even more abundant than over the intercotyledonous areas. Films of this exudate show a few curved forms besides the cellular and amorphous masses already described. Sections of fixed and hardened portions of placenta indicate in general a still normal tissue. In slides from four different regions, however, there are a few small foci of dense polynuclear cell infiltration. One of these surrounds a thrombosed vessel in a villus.
Cultures from the exposed placenta became overgrown with a variety of bac teria. Spirilla not detected in the mixed growth. On Dec. 25, pasty, whitish, semitranslucent masses were found in bedding. These probably came from the uterus. Films showed pus cells and immense numbers of minute cocci and rod-like forms.
In order to determine whether B. abortus was associated with the placenta| lesions, three guinea pigs were inoculated with scrapings of the placenta, ground in sand and suspended in salt solution. After 43 days they were killed. There were no lesions suggesting B. abortus and the spleen cultures remained clear.
To determine still further the presence or absence of B. abort~ a sample of blood was collected Nov. 28, and the serum tested against B. abortus. Only in a dilution of 1 : 10 was clumping recognizable. A second sample withd'rawn Jan. 13, 1919, gave a similar result. The titer of the same serum was tested against four strains of spirilla (Table III) .
On Dec. 2, 1918, about 50 cc. of milk were obtained from the udder, centrifuged, and of the lowest layer about 15 cc. were injected into the peritoneal cavity of three guinea pigs, 5 cc. into each animal. One guinea pig died in 39 days. There was extensive plastic peritonitis causing adhesion to one another of all the abdominal organs. The two remaining animals were killed with chloroform in 57 days and were found normal. Cultures from spleen remained free from growth.
The two following cases, both inoculated with strains of spiri]Ja, were entirely negative.
Cow 334. --Received Mar. 20, 1919 . Jersey grade, about 7 years old. Pregnant according to physical examination. Reacts to tuberculin.
Mar. 31, noon. Cow received into left jugular vein a suspension of spiriIla isolated 'rom Fetus 331. The cultures used were of the 3rd generation (or transfer) in sealed tubes of slanted agar containing bits of guinea pig spleen and some calf serum water. Growth after 4 days incubation feeble, but charae-teristic. It was washed off with salt solution, bouillon added to 4 cc., and gently centrifuged to throw down minute dumps of agar, etc. The resulting suspension contained active spirilla. The temperature taken twice daily from the time of arrival fluctuated between 38 ° and 39°C. except on the afternoon of the day of injection, when the late afternoon temperature was 40.6°C. :~ An agglutination test against B. abortus was feebly positive at 1:20. The e~ow was kept Under observation Until Apr. 28, when she was slaughtered. The fetal membranes were normal in appearance. The fetus was 31 inches long. The "only departure from the normal was the presence of a small quantity of reddish, clear fluid in the thoracic and abdominal cavities and a slight interlobular edema of the lungs. Cultures from fetal fluids (amniotic, allantoic, scrapings from dhorion) and from fourth stomach of fetus were sterile after 2 weeks of incubation. 
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E~t~e' lSemm' _ _------* Serum from blood drawn Jan. 13, 1919 . Tubes kept at 37°C. for 3 hours, then in refrigerator at about 6°C. over night. The control culture was suspended in salt solution. The serum control contained 5 per cent serum.
Cow 335.--Received with No. 334. Jersey grade, 9 to 10 years old. Pregnant. Reacts to tuberculin.
Mar. 31, noon. Inoculated with spiriUa from Fetus 317, 13th transfer, on shnted agar. The cultures were 4 days old. Growth fair. The spirilla were removed in the same manner as for Cow 334. Active spiriila present in the final suspension. The injection was made into the left jugular vein. Within a few minutes the cow began to breathe rapidly and cough. This lasted about 2 hours. The temperature, which had been fluctuating between 38.4°C. in the morning and 39.4°C. in the late afternoon, rose to 40.6°C. on the day of injection and was normal again next day. On the same day a slight discharge from vagina was noted. A guinea pig inoculated with it showed no disease, 6 weeks later.
Agglutination tests made with B. abortus on Mar. 27 showed a positive clumping up to dilutions of 1: 160. The cow was slaughtered with No. 334, Apr. 28, and the uterus with contents removed to the laboratory. There was no evidence of disease of the chorion. Cultures from the several fluids (allantoic, amniotic) and scrapings from chorion were negative. The fetus was 26[ inches long. Its organs were normal with the exception of marked edema of the walls of gall bladder and the mesentery of duodenum carrying the common bile duct. Cultures of fourth stomach fluids remain sterile.
A sample of milk obtained Mar. 27 and tested on guinea pigs was later shown to be infected with B. abortus. This explains the agglutination titer of 1:160 towards B. abortus and makes it certain that this cow had passed through the abortion disease in some earlier pregnancy. It also shows that the udder may be infected with •. abortus and the fetal membranes and fetus remain normal. The agglutination reactions of the blood of Cows 334 and 335, taken Apr. 24, towards their own and one other strain of spirilla were quite irregular and the results are therefore withheld for further study of this test.
The foregoing experimental tests of the pathogenic r61e of Vibrio fetus cannot be regarded as final, but as far as they have been carded they give strong evidence that it is an etiological factor in bovine abortion. Spiral forms from four different cases were inoculated (Nos. 267, 289, 317, and 331) . Only the two cases inoculated with those from Case 289 may be considered positive. Whether this negative outcome in the two remaining cases is due to decline or absence of virulence or to varying resistance on the part of the cows must be determined by additional experiments of the same kind.
SUMMARY.
The isolation in pure culture of a definite morphological entity (vibrio or spirillum) with practically the same biological characters from a series of cases of the same clinical complex (abortion) establishes a presumption in favor of the specific identity of the organisms and also in favor of the inference that such organisms are etiologically related to the diseased condition. This presumption is strengthened by the fact that disease of the fetal membranes followed the injection of pure cultures of this organism in two out of four cases.
